PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau " w 




nrmRNA-noNAL appucatiok pubushe d under tub patcnt coopp..^ -n^^ (PCn 

(51) International Patent Classification 6 . ' ' — — — _ inwl 1 



B26F 1/0O, B26D 5/DO 



Al 



(11) International Publication Number: 



(43) International Publication Date: 



(21) International Application Number: 



PCT/GB9S/03478 



WO 99/25524 

27 May 1999(27.05.99) 



(22) International riling Date: l 9 November 1998 H9.ll.98> 



(30) Priority Data: 
9724335.6 



19 November 1997 (19.11.97) GB 



(71) Applicant (for all designated Staiej except US): ENGINEER- 

ING WITH EXCELLENCE (SCOTLAND) LIMITED 
{GB/GBJ; UnitilS-16 Ashley Group Base. Pitmedden 
Road* Dyce, Aberdeen AB2I ODP (GB). 

(72) Investor; and 

(75) Inventor/Applicant (for US only): RUDD, Wayne [GB/GB1* 
32 Conglass Drive, Netherfidd Estate. Inverurie. Aberdeen" 
AB51 4LB (GB). 

(74) Ajjent: FORRESTER KETLEY & CO A Chamberlain House 
Paradise Place. Birmingham B3 3 HP (GB). 



(SI) State B^CB. US. Euraptan pa.cn. (AT. BE, 



Published 

With international starch report. 



(54) TlUe: METHOD AND APPARATUS FOR MANUFACTURING AN EXPANDABLE SLOTTED TUBE 



L?7- 



r* 



L28- 



t ^ r*-r 129 pj I 




(57) Abstract 

.lex. «, f 0 m,ed «t a uniform angular .pacing loSSZ ^phtry of ^ I™ ST .7 t^*** «««<ling 

cuning iaidannuiaretementt (II. ,3. ^^fJXtov^&S ^TS'St^V^T «V 



DO 

m 

CO 



03 

m 

8 

3 



FOR THE PURPOSES OP INFORMATION ONLY 



C ° d " UJedt ° identif)r S*t« party the PCT on ,hc front pages of P-unphk* publishing international applied urate, the PCT. 



AL Albania 

AM Armenia 

AT Austria 

ALT Australia 

AZ Azttb&ijan 

B A Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burttaa Paw 

BO Bulgaria 

BJ Benfa 

BR Brad! 

BY Bdma 

CA CmU 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI caw d'lvout 

CM Caraenxn 

CN Chum 

CU Cuba 

CZ Czech Republic 

DE Oermany 

DK Dcsmark 

EE Emoou 



ES Spain 

n Finland 

FR France 

GA Gabon 

CB Uaked Kingdom 

CB Georgia 

GH Ghana 

GN Ovine* 

GR Greece 

HU Hungary 

IB Ireland 

IL brael 

IS Icelmd 

IT baJy 

JP Japan 

KB Kenya 

KG Kyrjyettiai 

KP Dcroocntx People's 

ftepabtk of Korea 

KR Republic of Korea 

KZ KmtaUB 

tC Saint Lucia 

Li Liechtenstein 

UC Sri Unka 

LR Ltberia 



IS Leaocho 

LT Lithuania 

LU Ltaetibourg 

LV lory* 

MC Monaco 

MD Republic of MoUovi 

MG Madagascar 

MX Tbe foraxr Yugoslav 

Republic of Macedonia 

ML Mall 

MR Mnrfcania 

MW Malawi 

MX Mateo 

NB Niger 

NL Notherbadi 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

5D Sudan 

SB Sweden 

SG Singapore 



SI 


Skovcnn 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TO 


Cad 


TG 


Togo 


TJ 


Tijftman 


TM 


TurkiMBtstin 


TR 


Turkey 


TT 


Trinidad aod Tobago 


UA 


Ukraine 


UG 


Uranda 


US 


UQked State* of Anierica 


UZ 


Uitethtan 


VN 


Via Nam 


YU 


Yagoabrria 


ZW 


Zimbabwe 



WO 99/25524 



1 



PCT/GB98/03478 



Method and apparatus for manufacturing an expandable slotted tube. 

Description of Invention 

This invention relates to expandable slotted tube which is used primarily 
in bore holes to form a lining which prevents collapse of the wall of the bore 
hole whilst allowing substantially unrestricted flow of fluids from the 
surrounding strata into the bore hole. 

The use of such expandable slotted tube is described particularly in WO- 
A-93/25800. The expandable slotted rube (or "liner" as it is referred to therein) 
is a product which can with advantage be used in alt aspects of well life, 
including drilling, completion, well intervention and abandonment. 
Conventional oil field technology is based on inserting articles of fixed size 
into the well bore, and well construction is normally such that the size of the 
bore progressively reduces from the well head down to the reservoir to be 
tapped. This can lead to an unworkably small bore size at the required depth, 
leading to compromises in well operability or, in an extreme case, resulting in 
failure to reach the reservoir at a bore size sufficient to enable the reserves to 
be exploited. 

The use of expandable slotted tube provides flexibility to cope with 
unexpected problems during both drilling and completion of the well and also 
during the life of the well as compared with conventional well construction 
techniques. 

In particular, expandable slotted tube can be designed to fit most well 
bore sizes, whilst being made small enough to pass through pre-existing 
restrictions in the bore. This is largely as a result of the phenomenon known as 
"surplus expansion" which occurs when the expandable slotted tube is 
expanded by drawing an expansion mandrel through it : that is to say the 
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expanded internal diameter of the tube increases to a value greater than that of 
the maximum outside diameter of the expansion mandrel by a factor which is 
dependent at least in pan on the mandrel design. 

The expandable slotted rube as described in WO-A-93/25800 can be 
expanded up to 200% of its original diameter and can in theory be made in any 
size or length. 

However, there are problems in the manufacture of such expandable 
slotted rube, and in particular in ensuring uniform radial expansion. 

In practice, the rube in which the slots have to be formed will, in 
general, not be accurately cylindrical and straight over ihe whole of its length. 
The longitudinal axis of die tube may deviate from a straight line over all or 
pan of its length, and the circumferential shape of the tube may deviate from 
accurately circular over pan or all of its length, due to limitations inherent in 
the manufacturing processes conventionally employed As a result, if a pre- 
determined and invariable pattern of slots is cut into such a tube such defects 
will be magn.fied by its subsequent radial expansion and may then exceed 
acceptable tolerances. 

Moreover, in practice, such tubes must be joined together to form a liner 
of the required overall working length corresponding to the depdt of the bore- 
hole. Accordingly, appropriate coupling fittings must be provided at opposite 
ends of each tube to form a composite fabrication comprising a tubular clement 
of appropriate length and annular elements forming the coupling fittings at the 
ends thereof. 

Further, each length of such fabricated tube may include one or more 
additional fittings intermediate its ends, known as "landing rings", which are 
also formed as separate components, the tube then comprising two (or more) of 
said tubular elements connected together in end-wise relation by an annular 
element formed as a landing ring, and the two annular elements forming the end 
coupling finings 
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Tims, typically, a length of tube as fabricated may comprise at least five 
dements, namely a female end coupling at one end. a first tubular element, a 
landing ring, a second tubular element, and a male end coupling at the other 
end. The couplings and landing ring are fittings that arc normally formed to a 
high degirc of accuracy by machining operations, and these fittings necessarily 
have different characteristics from the tubular elements. However, the 
individual components are secured together in endwise relation by means such 
as welding, and the fabrication of the complete tube in this way inevitably 
introduces variability in a number of respects from one tube to another, even 
though nominally identical. 

In particular, the overall length of the fabricated tube, which is typically 
in excess of 10 metres, may vary by several millimetres as a result of the 
accumulated tolerances on the lengths of the individual tubular elements and 
the thickness of each weld. Additionally, as a result of potential distort.ons 
w.thin each tubular element, the couplings at opposite ends of the tube will in 
general not be accurately in register with one another circumferentially, that is 
to say one may be angularly offset relative to the other about the centreline of 
the tube. This is of significance since the couplings arc normally formed with 
axial ly interfitting formations, and the slots which arc formed in the tube must 
be correctly orientated relative to such mtcrfitting formations at both ends of 
the rube. 

Additionally, the accuracy, with respect to location and length, of the 
slots which extend across locally thickened portions of the tube, for example in 
the landing rings and end couplings, is critical. 

Accordingly the object of the invention is to facilitate the manufacture of 
expanded slotted tube in a manner which satisfactorily takes such factors into 
account. 

According to the invention we provide a method of manufacturing an 
expandable slotted tube of a kind which is fabricated from at least one tubular 
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element fonned by exntision or similar processes and at least two annular 
elements formed by machining or like processes and connected to the opposite 
ends of the tubular element by means of butt joints fonned by welding or like 
processes, wherein axially extending slots arc formed at a uniform angular 
spacing around the periphery of the tube fabricated from said elements Jd in 
longitudinally overlapping relation throughout the entire length of said 
fabricated tube, including said tubular element and said annular elements, the 
method being characterised by cutting in said annular elements a pattern of 
overlapping positionally fixed slots in accordance with fixed and invariable 
parameters with regard to their longitudinal position and length which are pre- 
determined relative to the dimensions of said annular elements, and cutting in 
said tubular element a pattern of positionally variable slots that is variable with 
regard to at least the parameters of longitudinal position and length of the slots 
in accordance with measured parameters of the fabricated tube so as to achieve 
the required overlap between said positionally fixed slots and said positionally 
variable slots. 

The method may include the steps of - 

a) establishing longitudinal datum points for each of said annular 
elements, 

b) calculating, by reference to said longitudinal datum points and 
by reference to the pie-determined parameters of longitudinal position 
and axial length of said positionally fixed slots, the nominal longitudinal 
position and axial length of said positionally variable slots required to be 
cut in said tubular element so as to ensure that those positionally 
variable slots that extend across a joint between said annular elements 
and said tubular element are longitudinally centred on the joint across 
which they extend, and the length of each overlap between said 
positionally variable slots, including said joint-crossing slots, is uniform. 
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c) cutting said slots in accordance with said pre-determined and said 
calculated parameters. 

The method also preferably includes the further step of monitoring at the 
cutting site the position of the local centre-line of the tube .and the radial 
distance from said centre-line to the outer surface of the rube, and recalculating 
the nominal parameters of the positional])' variable slots so as to correct 
substantially uniformly over the length of the tubular element for any local 
deviations in the position of the centre-line and/or in circularity of the tubular 
element. 

The method is preferably carried out by commencing the cutting of said 
slots from one end of the fabricated tube to form said slots progressively along 
the entire length of the tube. 

The longitudinal datum points may include a first point corresponding to 
a first end of the tube as defined by an end face of the annular element at that 
end of the tube and a second point corresponding to the other end of the rube as 
defined by an end face of the annular element at that end of the tube, plus third 
and fourth points corresponding respectively to the joints between the tubular 
element and the annular elements at those ^nds of the mbe. It will be 
appreciated that the annular elements at those ends of the mbe may compnse 
couplings for the releasable connection of two similar rubes, in particular male 
and female couplings which are adapted to fit at least partially one inside the 
other and accordingly are in part of greater external diameter than the tubular 
clement to which they are joined. 

Normally, the fabricated tube will also include a further such annular 
element which is disposed intermediate the ends of the tube, which then 
comprises two of said tubular elements, such intermediate annular element 
being connected thereto by butt joints. Such intermediate annular element may 
be formed with an external flange for the purpose of lifting the fabricated tube, 
and therefore also be of greater external diameter than the tubular element to 
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wh.ch it is joined. In such a case the datum point for this intermediate annular 
element may be afforded by a radia! face of the flange. The method previously 
described may accordingly be applied to the manufacture of slotted tube of the 
kind which the tubular element has a further tubular element connected thereto 
by means of one of said annular elements and said further tubular clement has a 
further annular element connected at the end thereof, and the annular element 
which is disposed intermediate the tubular elements is formed with an external 
flange, by establishing a further datum point corresponding to a rad.al face of 
the flange on said intermediate annular element. 

I" accordance with a preferred feature of the invention an angular datum 
is also established relative to the centre-line of the fabricated tube at one end 
thereof, and cutting is commenced at the other end so that any angular off-set 
which is required at the latter end to align the slots correctly with respect to the 
annular element at that end is determined relative to said angular datum and is 
included in the re-calculation of the parameters of said positional^ variable 
slots. The angular position of the positionally fixed slots may also be included 
in this re-calculation. 

According to a further aspect the invention also resides in expandable 
sloned tube as manufactured by the above method. 

Further, the invention also resides in a machine for use in the 
manufacture by the above method of expandable slotted tube of a kind wh.ch is 
fabricated from at least one tubular element formed by extrusion or similar 
processes and at least two annular elements formed by machining or like 
processes and connected to the opposite ends of the tubular element by means 
of butt joints formed by welding or like processes, wherein axially extending 
slots are formed at a uniform angular spacing around the periphery of the tube 
fabricated from said elements and in longitudinally overlapping relation 
throughout the entire length thereof, including said tubular element and said 
annular elements, and comprising - 
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a) means for establishing longitudinal datum points for each of said 
annular elements, 

b) means for calculating, by reference to said longitudinal datum 
points and to the pre-determined parameters of longitudinal position and 
axial length of said positionally fixed slots, the nominal longitudinaJ 
position and axial length of said positionally variable slots required to be 
cut in said tubular element so as to ensure that those positionally 
variable slots (hereinafter called "joint-crossing" slots) that extend 
across a joint between said annular elements and said tubular element 
are longitudinally centred on the joint across which they extend, and the 
length of each overlap between said positionally variable slots, including 
said joint-crossing slots, is uniform, and 

c) means for cutting said slots in accordance with said pre- 
determined and calculated parameters. 

The cutting means is preferably arranged to cut said slots progressively 
from one end of the fabricated tube to form said slots sequentially along the 
entire length of the tube. 

The machine also preferably includes means for monitoring the position 
of the local centre-line of the tube and the radial distance of the outer surface of 
the tube at the cutting site from said centre-line, and recalculating the nominal 
parameters of the positionally variable slots so as to correct substantially 
uniformly over the length of the tubular element for any local deviations in the 
position of the centre-line and/or in circularity of the tubular element as the 
cutting progresses along the tubular element. 

Such machine preferably also includes means for establishing an angular 
datum relative to the centre-line of the fabricated tube at one end thereof, 
means for providing an angular ofT-set relative to said angular datum of said 
cutting means at the other end of the tube to align the slots correctly with 
respect to the annular element at that end, and means for including said angular 
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off-set in Ihe re-calculation of the parameters of said positionally variable slots 
as cutting progresses. 

The machine may comprise a plurality of supports adapted to hold a 
fabricated tube for cutting, an indexing rotator connectable to said tube for 
rotating said tube about its longitudinal axis in step-wise increments, a 
longitudinal guide defining a first longitudinal axis parallel to that of said tube 
when mounted on said supports, a main carriage mounted on said longitudinal 
guide for movement along said first longitudinal axis and along the entire 
length of said tube, a sub-carriage mounted on said main carriage for movement 
relative thereto on two transverse axes relative to said longitudinal axis of the 
tube so that said sub-carriage can thereby be centred relative to said 
longitudinal axis of the tube and for movement on a second longitudinal axis 
which is parallel to said first longitudinal axis, at least one slot cutter mounted 
on said sub-carriage for movement radially relative to said longitudinal axis of 
the tube, and a control system operative to move said main carriage through a 
succession of working positions along the longitudinal guide, in each of which 
positions the sub-carriage is centred relative to said longitudinal axis of die tube 
and a sequence of slot cutting operations is performed by moving said sub- 
carriage along said second longitudinal axis while said slot cutter is operated to 
cut a slot of pie-determined length, nationally indexing said tube and 
returning said sub-carriage to its starting position on said second longitudinal 
axis and repeating the cutting operations until all the required slots are formed 
at each of said working positions. 

Preferably, the machine includes a plurality, e.g. four, of said slot cutters 
which are arranged at equal spacings around longitudinal axis of the tube so 
that a plurality of slots can be cut simultaneously each time the tube is indexed. 
The slot cutters are preferably abrasive water-jet cutters, although other types 
of cutter could be employed. 
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These and other aspects of the invention will now be described by way 
of example with reference to the accompanying drawings whercin:- 

FIGURE ! is a diagrammatic illustration of a typical fabricated tube 
prior to slotting; 

FIGURE 2 is a diagranunatic illustration of the way in which the male 
and female couplings at opposite ends of the tube may be angularly offset 
relative to one another; 

FIGURE 3 illustrates diagrammatically a section through a female 
connector at one end of the fabricated tube and a developed view of the slot 
pattern which requires to be cut, 

FIGURE 4 shows, in a manner similar to Figure 3, the required slot 
partem in a male connector at the other end of the fabricated rube; 

FIGURE 5 shows, in a manner similar to Figure 3, the required slot 
pattern in a landing ring inserted at a position intermediate the ends of the tube; 

FIGURE 6 is a plan view of a machine in accordance with the invention 
for cutting the required slots in the tube shown in Figure 1 ; 

FIGURE 7 is an end view of the machine; 

FIGURE S is view of a carriage assembly in the same direction as that of 
Figure 7; 

FIGURE 9 illustrates in more detail the arrangement of cutter jets 
incorporated in the machine; and 

FIGURE 10 illustrates the arrangement of one of several probes 
incorporated in the machine. 

As shown in Figure 1, a fabricated tube 10 of the kind to which the 
present invention is applied comprises an end fitting 1 1 serving as a female 
coupling, a shorter tubular element 12, a landing ring 13, a longer tubular 
element 14, and a further end fitting 15 serving as a male coupling. The end 
fittings 11 and 15, and the landing ring 13, are each formed as machined 
components of accurately determined length, diameter and circularity etc., but 
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•he tubular dements .rand .4 are conventional* formed by extrusron and 
generally will „ 0I be truly stra.gh. throughout the.r lengths, and may no, be 
t^Iy cylindrical in shape at aii points aiong ,heir lengths, and indeed the 
tolerance on wall thickness and outside diameter may be significantly greater 
than that which is app , icable t0 thc machined componems ^ 

components are secured together endw.se by bun welding to f orm joints as 
shown at 16,17,18 and .9. and the thickness of each butt weld is somewhat 
vanable with the result that the overall length of the tube 10 as fabricated may 
vary from the nominal value by several millimetres, in a total length which in 
many cases will exceed .0 metres. Typically, the outside diameter of the 
tubular elements may be between approximately 10 and 40 cm. 

The female couplmg 1 1 includes a body portion 21 of ,he same nominal 
diameter and wall thickness as the adjacent tubular element .2, with an external 
flange 22 near the end 23 at winch it is welded to tubular element 12 The 
flange 22 divides the body portion 21 into outer and inner sections 21a and 
2 lb respectively. At the opposite end 24 the female coupling 1 1 is formed with 
a w.dened end portion 25 which is fomted with internal drcumferentially 
extending serrations (no. shown) and with a plurality of drcumferentially 
spaced holes 26 which are adapted to receive locking plungers (not shown) for 
the putpose of locking in place the complementary male coupling 15 which is 
provtded at the other end of a sim.la, tube to winch .he ,ube 10 will, in use. be 
connected 

The male coupling 15 similarly includes a body portion 31 which is also 
of the same nominal diameter and wall thickness as the adjacent tubular 
elements and is fonned with a firs, external flange 32 at a position spaced 
from the end 33 a. which i. is welded to .he adjacent tubular element 14, and a 
second external flange 35 spaced from the opposite end 34 The flanges 32 and 
35 divide the body ponion 31 m.o outer, m.ddle and inner sections 31a, 31b 
and 3 lc respectively. Adjacent the end 34 the male coupling I5 is f ormcd wi(h 
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external ci rc urn ferenti ally extending serrations (not shown) which are adapted 
to mate with the internal serrations of a female coupling 1 1 when two such 
tubes 10 are joined together. A plurality of circumfcrentiaiiy spaced recesses 
36 are formed in the outer end 34 and arranged to receive the locking plungers 
previously mentioned so as to prevent relative rotation of two rubes 10 when 
joined together. 

The landing ring 13 comprises a cylindrical body 41 having an external 
flange 42 at a position intermediate the ends 43, 44 whereby it is welded to the 
adjacent tubular elements 12 and 14 respectively. The flange 42 divides the 
body 41 into first and second portions 41a and 41b respectively. 

Figure 2 is a diagrammatic illustration of Hie way in which the male and 
female couplings at opposite ends of the tube 12 may be angularly offset 
relative to one another as a result of distortions and/or inaccuracies in the 
welding of the various components during the fabrication of the tube. Thus, a 
specific locking plunger in the female coupling 1 1 may be angularly offset from 
an angular datum point D a by an angle a, which differs, positively or 
negatively, from the angle oc 2 at which the corresponding recess 36 is offset 
from the datum D u at the male coupling end ot the tube. 

To enable the entire tube 10 to be expanded uniformly throughout its 
length a series of longitudinally extending overlapping slots requires to be cut 
through the entire wall thickness of the tube throughout its entire length. 

In cutting the required pattern of slots, account has to be taken of 
variations arising from the fact that the tubular elements 12 and 14 may not be 
truly straight or circular in section and may not be cut to precisely controlled 
lengths, the fact that there may be variations in the dimensional layout of each 
joint as a result of manufacturing tolerances in the extrusion of the tubular 
elements and in the butt welding operations, the fact that slot widths need to be 
maintained constant despite potentially differing wall thicknesses at different 
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points along the length of the tube, and the fact that there may be angular mis- 
alignment between the opposite ends of the tube. 

Because the overall length L of the female connector 1 J, which is made 
by a machining operation, is known to a high degree of accuracy, the required 
slot pattern as shown in Figure 3 is essentially predetermined by the 
dimensions of this component. 

In the example illustrated in Figure 3, the female connector 1 1 is formed 
with three rows of overlapping slots 27, 28, 29. The slots 27 are required to 
extend from the outer end 24, across the widened end portion 25 and into the 
outer section 21a; the slots 28 are required to extend wholly within the outer 
section 21a; and the slots 29 are required to extend from the outer section 21a , 
across the flange 22 and into the inner section 2 lb of the body portion 21. To 
achieve uniform expansion despite the varymg geomeny of the component, it is 
required that the slots overlap uniformly by a distance d° and that the slots 29 
are longitudinally centred on the flange 22. Because the dimensions of the 
fcmalewupling 1 1 are accurately controlled during manufacture, the lengths 
L 27 . L" and L w of the slots 27.28 and 29 respectively, and their circumferential 
spacing can be regarded as essentially predetermined and invariable for any 
given coupling and these slots are accordingly positional^ fixed. Their overlap 
d" is also predetermined for any specific nominal length of fabricated tube 10. 

The next row of slots 30 which are required to extend across the joint 16 
and into the adjacent tubular element 12 may also be of a predetermined length 
L* and have the same overlap d° with slots 29. However, s.nce the thickness 
of the weld 16 cannot be closely controlled, the distance d 1 between the end of 
the tubular element 12 and the ends of the slots 30 is indeterminate. 

In a similar maimer, the slot partem required in the male 
connector 15 includes three rows of overlapping slots 37, 38, 39. The slots 37 
are required to extend from the outer end 34, across the outer section 31a and 
the flange 35 and into the middle section 31b; the slots 38 are required to 
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extend wholly within the middle section .Tib; and the slots 39 ate required to 
extend from the middle section 3 lb , across the flange 32 and into the inner 
section 3 1c of the body portion 3 i To achieve uniform expansion despite the 
varying geomeny of the component, it is again required that the slots overlap 
uniformly by a distance d° and that the slots 39 are longitudinally centred on 
the flange 32. Because the dimensions of the male coupling 15 arc accurately 
controlled during manufacture, the lengths L". L3 8 and L3' of die slots 37,38 
and 39 respectively, and their circumferential spacing can be regarded as 
essentially predetermined and invariable for any given coupling and these slots 
are accordingly positionally fixed. Their overlap d° is also predetermined for 
any specific nominal length of fabricated tube 10. 

The next row of slots 40 which are required to extend across the joint 19 
and into the adjacent tubular element 14 may also be of a predetermined lengdi 
L J0 and have the same overlap d° with slots 39. However, since the thickness 
of the weld 19 cannot be closely controlled, the distance d 2 between the end of 
the tubular element 14 and the ends of the slots 40 is indeterminate 

The slots 46. to be formed in the landing nng 13. which is likewise a 
machined component, have a predetermined length L 46 and must be centred on 
the flange 42 as illustrated in Figure 4. The adjacent slots 45 and 47 which 
extend from the sections 41a and 41b respectively and over the joints 17 and 18 
are required to overlap the slots 46 by the predetermined distance d° at each 
end. However, because of the indeterminate thickness of the welds 16 and 17, 
if an invariable slot pattern is followed along the length of the tubular element 

12 the distance d' of the ends of the slots 45 from the end 43 of the landing ring 

13 will also be indeterminate, with the result that the length of the overlap with 
slots 46 will be indeterminate. 

Thus, in accordance with the invention, the slots which arc formed in the 
tubular element 12, including the joint-crossing slots 30 and 45 and all those 
between these slots, are not cut to a strictly predetermined pattern, but instead 
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are vanable in position and length so as «o accommodate ,he variations which 
will occur between different tubes 10 of the d.stance between the end 24 of the 
fc.ale connector i i and the end 43 of the landing ring 13. In this way by 
varying the length of the slots cu, in tubular element 12 in accordance with the 
measured parameters of the tube 10 undergoing cutting, the required constant 
overlap d° between the slots from slots 30 up to and including slots 45 can be 
maintained. In a similar manner the slots to be formed in the tubular element 
14, including slots joint-crossing slots 47 and 40, are likewise of variable length 
to ensure that the required predetennined overlap d" is maintained throughout 
the remaining length of the tube 10 despite the variable thickness of the welds 
18 and 19. 

In addition, because the tubular elements 12,14 may not be accurately 
round, or indeed of non-varying diameter along their lengths, and because of 
the possible angular offset between opposite ends of the tube, adjustments arc 
made to the slot patten, in the tubular elements 12,14 to accommodate such 
variations as are determined to exist in the tube being cut. 

These adjustments are achieved in accordance with the invention by 
determining certain datum points on the tube and re-computing the lengths of 
the positional^ variable slots to ensure the required overlap with each other 
and with the positionally fi.Ned slots, and monitoring deviations in circulanty 
and centreline along a. leas, the lengths of tubular elements 12,14 and making 
appropriate compensatory corrections in order to maintain an optimum partem 
of slots for the purpose of achieving unifonn expansion. 

As shown it. Figures 5 to 9, the machine 50 it, accordance with the 
invention for cutting the required pattern of slots in the tube 10 includes a pair 
of parallel steel frames 51 each carrying a precision rail and defining a 
longitudinal axis for the movement of a main carriage 53 over the entire length 
of the tubelO which is supported along its length on vanable height roller 
assemblies 52 which are fitted to pneumatic cylinders so that they can be pulled 
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down individually as the main carriage 53 travels along the length of the tube 
10. For this purpose, (he main carriage 53 carries an electric motor which 
drives a pinion meshing with a rack adjacent to one of the rails. 

The main carriage 53 supports a sub-carriage 54 in such a way that it is 
self-centring wit), respect to tube 10. For this purpose the sub-carriage 54 is 
movable transversely relative to the main carriage by means of an actuator 55, 
and vertically by means of actuators 56. The sub-carriage 54 carries four 
probes 57 arranged respectively above, below and on each side of the 
longitudinal centreline of the tube. The probes may include feelers which have 
mechanical contact with the external surface of the tube, but preferably are of a 
contactless type, in particular a laser probe which determines the spacing 
between the probe and the surface of tube. Data from these probes is used to 
control the actuators 55 and 56 so that the carriage can be centred onto the rube 
10 prior to the commencement of the cutting of each row of slots. 

The sub-carriage 54 is also movable relative to the main carnage in a 
direction longitudinally of the tube by means of a high precision ballscrew (not 
shown). 

The sub-carriage 54 also carries four water-jet cutters 59 mounted 
concenirically around the tube centreline at 45° to the vertical so as to surround 
the tube. The cutters are individually movable towards and away from the tube 
by means of respective actuators 60 which are controlled in accordance with 
data from the probes 57 so that the ride height of the cutter jets 59 is 
continuously adjusted in accordance with the contour of the tube 10. 

At one end. the machine 50 includes a rotatable head 61 which is 
capable of releasable connection to the adjacent end of tube 10 in such a 
manner that the tube can be rotated about its longitudinal axis. 

In use, the tube 10 is positioned on the supports 52 and coupled to the 
rotatable head 61. The sub-carriage 54 is set to a "zero" position longitudinally 
of the main carriage 53 and the main carriage itself .s positioned at the end of 
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the machine adjacent to the ro.atable head 61 The datum points of the tube 10 
in place are then established. This is achieved by firstly operatmg the rotatable 
head 6! to align one of the locking plunger holes 26 with the angular datum 
position D a . The main carnage 53 is then advanced aJong the rails to bring the 
cutter jets 59 accurately into line with the end 24 of the tube and establish 
datum point D.. The main carriage 53 is then moved until the cuner jets are 
advanced to the centre of the butt weld .6 to define datum point D 2 , advanced 
to align the cutter jets with the side face of the flange 42 nearest the end 24 of 
the tube to establish datum point Djl advanced further to bring the cutter jets to 
the centre of the butt we.d 19 and establish datum point D 4 . and finally to bring 
the cutter jets into register with the opposite end 34 of the tube 10 to establish 
datum D,. The rotation head 6! is then operated to bring the nearest of the 
recesses 36 to the angular datum point D a and thereby establish any angular 
offset between the two ends of the tube. 

From the established datum values, and the parameters of the 
positional^ fixed slots which are predetermined by the known sizes of the 
machined components 11.13 and 15. the required slot pattern for the tubular 
elements 12 and 14 is computed and cutting is commenced from the end of the 
machine furthest from the rotatable head 61. 

The sequence of cutting operations is as follows Firstly, the sub- 
carriage 54 is centred relative to the tube 10. and the cutler jets are set to the 
required height above the outer surface of the tube. The cutter jets are then 
brought into operation and the sub-carriage 54 on which they are mounted is 
then moved longitudinally relative to the main carnage 53 through a distance 
corresponding to the desired length of the first row of slots. With the main 
carriage 53 remaining in the same position, the sub-carriage 54 is returned to its 
starting point, whilst the cutting jets are inoperative, and the rotatable head 61 
is moved through the required angular distance so that the points at which the 
next four slots are to be cut then register with the cutter jets. This operation is 
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repeated. Four «imes in the case of .he illustrated embodiment, until a complete 
»i"g of slots is forced, whereupon the main carnage 53 is advanced by the 
distance necessary to bring the cutter jets to the position at which the next ring 
of slots is to be cut, with the defined overlap d° . and the cutting sequence is 
repeated in this way throughout the whole length of the rube 10. At the 
beginning of each cutting cycle readings from the probes 54 are used to detect 
deviations in the longitudinal centreline of the tube from the ideal straight line 
axis, and any deviations in the shape of the exterior surface of the tubular 
elements from the ideal true circle. This data is used to adjust the parameters 
of the positional^ variable slots in real-time as the cutter jets are advanced. 
The cutter jets themselves are also moved automatically in the radial direction 
so as to maintain the optimum spacing from the external surface of the tube at 
all points along its length. 

I" this way, the desired value of overlap d° is achieved despite 
variations in the overall length of one tube as compared with another due to the 
tolerances on the butt welds, and additionally, the angular spacing of the slots 
is varied as necessary within, and between, each ring of positional^ variable 
slots in order to compensate for local deviations of the longitudinal axis of the 
tube and/or circularity. 
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CLAIMS 



1 A method of manufacturing an expandable slotted tube of a kind which 
is fabricated from at least one tubular element formed by extrusion or s.milar 
processes and at leas, two annular elements formed by machining or like 
processes and connected to the opposite ends of the tubular element by means 
of bun joints formed by welding or like processes, wherein axially extending 
slots are formed at a uniform angular spacing around the periphery of the tube 
fabricated from said elements and in longitudinally overlapping relation 
throughout the entire length of said fabricated tube, including said tubular 
element and said annular elements, the method being characterised by cutting 
in said annular elements a pattern of overlapping positionally fixed slots in 
accordance with fixed and invariable parameters with regard to their 
longitudinal position and length which are pre-determined relative to the 
dimensions of said annular elements, and cutting in said tubular element a 
panem of positionally variable slots that is variable with regard to at least the 
parameters of longitudinal position and length of the slots in accordance with 
measured parameters of the fabricated tube so as to achieve the required 
overlap between said positionally fixed slots and said positionally variable 
slots. 



The method according to Claim I comprising the steps of- 

a) establishing longitudinal datum points for each of said annular 
elements, 

b) calculating, by reference to said longitudinal datum points and 
by reference to the pre-detennined parameters of longitudinal position 
and ax.nl length ofsaicl positionally fixed slots, the nominal longitudinal 
position and axial length of said positionally variable slots required to be 
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cut in said tubular element so as to ensure that those positionally 
variable slots that extend across a joint between said annular elements 
and said tubular element are longitudinally centred on the joint across 
which they extend, and the length of each overlap between said 
positionally variable slots, including said joint-crossing slots, is uniform, 
and 

c) cutting said slots in accordance with said pre determined and said 
calculated parameters. 

3. The method according to Claim 2 wherein the longitudinal datum points 
may include a first point corresponding to a first end of the tube as defined by 
an end face of the annular element at that end of the tube and a second point 
corresponding to the other end of the tube as defined by an end face of the 
annular element at that end of the tube, plus third and fourth points 
corresponding respectively to the joints between the tubular element and the 
annular elements at those ends of the tube 



4 The method according to Claim 3 for tl>e manufacture of slotted tube of 
the kind which the tubular element has a further tubular element connected 
thereto by means of one of said annular elements and said further tubular 
element has a further annular element connected at the end thereof, and the 
annular element which is disposed intermediate the tubular elements is formed 
with an external flange, wherein a further datum point is established 
corresponding to a radial face of the flange on said intermediate annular 
element. 



5. The method according to any one of claim 2 to 4 wherein an angular 
datum is also established relative to the centre-line of the fabricated tube at one 
end thereof and cutting is commenced at the other end so that any angular off- 
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set which is required a. the latter end to align the slots correctly with respect to 
the annular element a, that end is determined relative to said angular datum a^d 
is included in the recalculation of the parameters of said positional^ variable 



slots. 



6. 



The method according to Claim 5 wherein the angular position of the 
positional^ fixed slots is also included in said re-calculation. 

7. The method according to Claim 2 and including the further step of 
monitoring at the cutting site the position of the local centre-line of the tube 
and the radial distance from sa.d centre-line to the outer surface of the tube, 
and recalculating the nominal parameters of the positional* variable slots so as 
to co.rec. substantially uniformly over the length of the tubular element for any 
local deviations in (he position of the centre-line and/or in circularity of the 
tubular element. 

8. The method according to any one of the preceding claims wherein the 
cutting step is carried out by commencing the Cutting of said slots from one end 
of the fabricated tube to form said slots progressively along the entire length of 
the tube. 

9. Expandable slotted tube as manufactured by the method as claimed in 
any one of the preceding claims.. 

10. A machine for use in the manufacture by the method as claimed in any 
one of claims I to 8 of expandable slotted tube of a kind which is fabricated 
from at least one tubular element formed by extrusion or similar processes and 
at least two annular elements formed by machining or like processes and 
connected to the opposite ends of the tubular element by means of butt joints 
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formed by welding 01 'like processes, wherein axially extending slots are 
formed at a uniform angular spacing around the periphery of the rube fabricated 
from said elements and in longitudinally overlapping relation throughout the 
entire length thereof, including said tubular element and said annular elements, 
and comprising - 

a) means for establishing longitudinal datum points for each of said 
annular elements, 

b) means for calculating, by reference to said longitudinal datum 
points and to the pre-determined parameters of longitudinal position and 
axial length of said positionally fixed slots, the nominal longitudinal 
position and axial length of said positionally variable slots required to be 
cut in said tubular element so as to ensure that those positionally 
variable slots that extend across a joint between said annular elements 
and said tubular element are longitudinally centred on the joint across 
which Ihey extend, and the length of each overlap between said 
positionally variable slots, including said joint-crossing slots, is uniform, 
and 

c) means for cutting said slots in accordance with said pre- 
determined and calculated parameters. 

11. A machine according to Claim 10 further comprising means for 
establishing an angular datum relative to the centre-line of the fabricated tube at 
one end thereof, means for providing an angular off-set relative to said angular 
datum of said cutting means at the other end of the tube to align the slots 
correctly with respect to the annular element at that end, and means for 
including said angular off-set in the re-calculation of the parameters of said 
positionally variable slots as cutting progresses. 
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12. A machine according to Claim 10 further comprising means for 
monitoring the position of the local cenbe-Iine of the tube and the radial 
distance of the outer surface of the tube at the cutting site from said centre-line, 
and recalculating the nominal parameters of the positional^ variable slots so as 
to correct substantially uniformly over the length of the tubular element for any 
local deviations in the position of the centre-line and/or in circularity of the 
tubular element as the cutting progresses along the tubular element. 

1 3. A machine according to Claim 1 0 wherein the cutting means is arranged 
to cut said slots progressively from one end of the fabricated rube to form said 
slots sequentially along the entire length of the tube. 

14. A machine according to any one of claims 10 to 13 comprising: 

a plurality of supports adapted to hold a fabricated tube for cutting, 
an indexing rotator connectable to said tube for rotating said tube about 
its longitudinal axis in step-wise increments, 

a longitudinal guide defining a first longitudinal axis parallel to that of 
said tube when mounted on said supports, 

a main carriage mounted on said longitudinal guide for movement along 
said first longitudinal axis and along the entire length of said tube, 

a sub-carriage mounted on said main carnage for movement relative 
thereto on two transverse axes relative to said longitudinal axis of the tube so 
that said sub-carriage can thereby be centred relative to said longitudinal axis of 
the tube and for movement on a second longitudinal axis which is parallel to 
said first longitudinal axis, 

at least one slot cutter mounted on said sub-carriage for movement 
radially relative to said longitudinal axis of the tube, and 

a control system operative to move said main carriage through a 
succession of working positions along the longitudinal guide, in each of which 
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positions the sub-carriage is centred relative to said longitudinal axis of the tube 
and a sequence of slot cutting operations is performed by moving said sub- 
carnage along said second longitudinal axis while said slot cutter is operated to 
cut a slot of pre-determined length, rotationally indexing said tube and 
returning said sub-carriage to its starting position on said second longitudinal 
axis and repeating the cutting operations until all the required slots are formed 
at each of said working positions. 

15. A machine according to Claim 14 which includes a plurality of said slot 
cutters which are arranged at equal spacings around longitudinal axis of the 
tube so that a plurality of slots can be cut simultaneously each time the tube is 
indexed. 

16. A machine according to Claim 15 having four of said slot cutters. 

17. A machine according to Claim 14 wherein the slot cutters arc abrasive 
water-jet cutters. 
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